Abstract Management affects ecosystem structure in many ways. Structural changes in ecosystems, including shifts in vegetation composition and species diversity, will affect the goods and services provided at ecosystem and regional scales. This is relevant for agricultural production and agrobiodiversity preservation in the context of management changes currently occurring in many regions. We sampled 39 sainfoin swards in the Eastern Pyrenees to assess changes in vegetation structure with sward management and evaluated how those changes might sustain agrodiversity regionally. Three sward managements coexist in the region: (a) mown plus sheep-grazed, (b) mown plus cattle-grazed and (c) only mown. Plant species composition and richness, and various biomass variables were estimated at peak biomass on swards with the three managements and different ages. We used a synchronic approach to study time effects, in which swards of different ages are sampled simultaneously, in a space by time substitution. Multivariate analysis and similarity indices revealed strong shifts in vegetation composition with management, enhanced with sward age, when the suppressive effect of sown on unsown plants relaxed. Generally, plant species richness increased with time. Old mown swards showed the highest number of species per plot (34 in 4 m 2 ). Cattle-grazed swards showed the highest within-and between-treatment vegetation dissimilarity with time. Biomass variables responded mainly to time effects, but total aboveground biomass decreased with unsown species and increased with species richness depending on management. Thus, the diversity of managements modified the expected outcome in local and regional agro-diversity and sward structure. Our results are novel because they demonstrate strong effects of grazing by different animals on local and regional agro-diversity and herbage composition in those ephemeral legume-based forage systems. Farmers and managers should take into account those shifts in order to achieve agricultural goals, including agro-diversity conservation and sustainable forage production at ecosystem and regional scales.
Introduction
Agroecosystems are important to humans because they provide fundamental goods and services whose quantity and quality can be modified through management (Kirwan et al. 2007 ). Management can affect ecosystem structure in many different ways, including shifts in vegetation compo-sition and plant species diversity (Sebastià et al. 2008; Semelová et al. 2008) . Structural changes with management have been related to shifts in ecosystem function (Clergue et al. 2005; Quétier et al. 2007) , which is relevant in order to guarantee the sustainability of agroecosystems. Changes in structure and function occurring in the ecosystems within a given region will affect the goods and services provided at the regional scale (Nelson et al. 2009 ). This is relevant in the context of changes in management currently occurring in many regions.
Grazing was found to decrease plant species richness and forage quality compared with mowing in semi-natural meadows (Hansson and Fogelfors 2000; Fischer and Wipf 2002) . Similarly, changes in grazing intensity were found to affect plant diversity and functional type composition in pastures (Cingolani et al. 2005; Sebastià et al. 2008 ) and productivity and forage quality in cultivated swards (Pavlů et al. 2006 ). Other studies relate the variation in vegetation composition to the particular livestock species (del Pozo et al. 1998; Rook et al. 2004; Bakker et al. 2006) . Vegetation and grazing herbivores influence each other reciprocally in a dynamic relationship (Marriott and Carrère 1998) . Selective livestock as goat were found to consume the dominant shrub species at proportions below those found at ground cover (Mellado et al. 2004 ). Sheep grazing has been shown to increase the dominance of unpalatable species such as Nardus stricta by negative selection (Grant et al. 1996; Sebastià et al. 2008 ) following complex patterns with soil fertility (Pakeman 2004) . Relatively unselective livestock as cattle were found to consume a proportionally greater quantity of N. stricta than was present in N. strictadominated pastures (Common et al. 1998) .
Work in grasslands in the northeast of the Iberian Peninsula has shown how management modifies vegetation structure at the ecosystem level and how the coexistence of various management regimes increases landscape and regional biodiversity over and above that determined by abiotic factors (de Bello et al. 2009 ). For instance, cattlegrazed subalpine grasslands showed fundamental differences from sheep-grazed ones in terms of plant species composition and diversity (Sebastià et al. 2008) . However, those systems are perennial (Sebastià 2004 ) and the effect of a given grazer type can be experienced continuously for a long time, often by the same plants, because perennial grassland species can have extended longevity. In legumebased forage swards and other leys, on the contrary, the system is by definition ephemeral, normally lasting 3-4 years before it is reseeded and a new cycle starts. Sometimes, the sown crop is different from the former forage product, and rotation is not uncommon. Thus, it is unclear to which extent the effect of management in general and grazer type in particular can affect those ephemeral systems and how the coexistence of different managements within a region might promote agro-diversity and maintain sustainability throughout time.
Legume forage swards of sainfoin (Onobrychis viciifolia Scop.), alone or sometimes in mixtures with dactyl (Dactylis glomerata L.), are very common in midmountain areas in the Eastern Pyrenees and other calcareous temperate regions in the world (Delgado et al. 2005) . Sainfoin presents many advantages in terms of high forage quality and good adaptability. However, it has limited resprouting capacity (Chassagne and Chambon 1993) . This might cause a fast decrease in forage quantity and quality through an increase of open sites where unsown species can establish and thrive. It also increases the overall biodiversity, with additional environmental and aesthetic benefits (Sanderson et al. 2004 ). In addition, shifts in physiological and morphological traits (Thein et al. 2008 ) could determine sainfoin behaviour under different managements.
In order to assess changes in plant species composition and aboveground biomass with sward management and evaluate how those changes might sustain agrodiversity at the regional scale, we carried out a survey on sainfoin (O. viciifolia Scop.) swards of different age after sowing in the Eastern Pyrenees. Our questions were: (a) To which extent does sward management determine changes in vegetation composition and structure? (b) Are those changes linked to differences in sward dynamics after establishment or to initial differences associated to management that are amplified over time? (c) In that case, how would the coexistence of different sward managements within a region might contribute to the sustainability of agro-diversity? Differences in vegetation depending on sward management can be a consequence of filtering by current management of the plant species pool arriving through plant dispersal (Zobel et al. 2006) or be related to past management, for instance through the soil seed bank (Matejkova et al. 2003) . In the first case, differences in vegetation will be apparent some time after sward establishment, whilst in the second case, differences will be more or less conspicuous since establishment. In order to asses the effect of sward age on vegetation, we used a synchronic approach of succession, in which swards of different ages are sampled simultaneously in order to reconstruct time effects, in a space by time substitution (Pickett 1989) .
Materials and methods

Location and sward sampling
A survey on sainfoin (O. viciifolia Scop.) swards of different ages after sowing was carried out in the Eastern Pyrenees (between 42°01′-42°09′ N latitude and 1°22′-1°33′ E longitude, Alt Urgell and Solsonès counties, north central Catalonia). Sampling was performed in mountain areas from 600 to 1,300 ma.s.l. with sub-Mediterranean climate, on limestone (soil pH between 7 and 8). Three sward management techniques are common in the area: (a) mown once a year and sheep-grazed, (b) mown once a year and cattle-grazed, and (c) only mown twice a year. The main harvest is the spring harvest. The second harvest occurs in fall; this harvest is substituted by grazing in the grazed swards. Grazing intensity is moderate, 0.2-0.4 livestock units ha −1 or equivalent, and occurs late in the season. In the study area, most farmers maintain similar management practices (including rotation) for several years. Most sampled swards were sown as sainfoin monocultures, but some presented a mixture of this species with dactyl (Table 1) . Most swards were sown in spring (Table 1 ). In total, 39 sainfoin swards were sampled in spring 2002 at peak biomass, right before the first, main harvest. Sampled swards varied in age from 1 to 6 years after sowing. Polls to farmers revealed that most swards were not older than 6 years. Sainfoin swards within the study region meeting the requirements above in the sampling year and for which environmental and management information was available were sampled. Details about sampled sward distribution per management are shown in Table 1 . At each sampled sward, environmental and management variables were recorded and/or investigated through interviews to the farmers: altitude, aspect, slope, macrotopography, sward age (year after sowing), previous crop, management treatment, mixture/monoculture, sainfoin variety, sowing season, sowing density, sward size (see Table 1 for details). A 2×2-m plot was set in the middle of each selected sward and the number of plant species recorded to estimate species richness. Herbage was collected by harvesting 4 0.5×0.5-m sub-quadrats in the corners of each plot. Four separate subsamples were thus collected per sward; results from those subsamples were afterwards combined into a single compound replicate. Herbage from three of the four sub-quadrats was separated into species to determine vegetation composition, and sainfoin and unsown biomass and proportion. The fourth subsample was used for chemical analyses not presented here. All four subsamples were oven-dried to constant mass and the results combined to determine total aboveground biomass. A single measure was considered per sward by aggregating values from the subsamples.
Data analysis
We used constrained ordination by canonical correspondence analysis (CCA) to investigate the environmental factors controlling species composition. In particular, we were interested in the effect on vegetation composition of year after sowing, management treatment, monoculture/mixture with dactyl and the year × management interactions. Mixed swards were underrepresented in the dataset (Table 1) because they are less common in the study area, and therefore the monoculture/mixture × year interactions were not tested. The dependent variables were biomass per species and plot. Other environmental variables were included in the CCA analysis as covariates: altitude, aspect, slope, macrotopographical position, seeding density, previous crop, French/ local sainfoin variety, field size and sowing season. All categorical environmental variables were introduced as binary variables (0/1) in the analyses. Stepwise forward selection of the multivariate model was performed iteratively using the partial Monte Carlo permutation test to asses the quality of each potential predictor or environmental variable. F ratios and p values were generated for each explanatory The Bray-Curtis similarity index (1 − BC dissimilarity index) was calculated to assess vegetation heterogeneity between and within treatments (sheep-grazed, cattle-grazed and only mown), as in Sebastià et al. (2008) . The calculations were performed separately for young (1-2 years) and old (3-6 years) swards. To assess the variability of the composition similarity, confidence intervals (CI) for the similarity indices were calculated intra-treatment by age category (young and old) and for some selected comparisons between management treatments. In addition, the comparison of the CI provides a crude estimate of the significance of the mean treatment differences.
We considered sward structural variables other than vegetation composition: plant species richness, total aboveground biomass, sainfoin biomass, and biomass and proportion of unsown species. Species richness was measured as the number of plant species per 2×2-m plot and used as an indicator of agro-diversity. To investigate the effect of the sward treatment factors on species richness and biomass variables, we used general linear modelling, including as explanatory factors of interest year after sowing, management, mixture with dactyl, and the other environmental and management variables listed above, as well as the management per year interactions. Plant species richness showed the most complex model in comparison with the biomass variables, and thus, those are presented separately. In addition, we developed a model relating sward aboveground biomass and species richness and other structural variables including unsown proportion, plus the environmental and management variables above and interactions, following the same techniques. Tukey's post hoc tests were applied for comparisons of means for significant factors. Estimated means and errors were calculated for some variables.
3 Results and discussion
Management effects on plant species composition
Different management treatments resulted in strong variations in plant composition, the effects increasing with sward age (Table 2 and Fig. 1) . Indeed, over time, the similarity in vegetation composition decreased between and within treatments (Table 3) . Although plots with different sward management were more similar to each other when young (1-2 years after establishment; Table 3 ), the three sward managements produced different vegetation trajectories (Fig. 1 and Table 3 ). In particular, old cattle-grazed swards were more differentiated from the other treatments in terms of plant species composition than those between them according to the similarity analysis (Table 3) . However, the lowest similarity was found within cattle-grazed plots, suggesting that cattle grazing generates high variability in species composition between different swards and therefore increases vegetation diversity at the landscape and regional levels (Table 3) . This is probably linked to the fact that cattle are non-selective in their feeding habits (Rook et al. 2004 ) and must let express local differences in the plant species pool and in the responses of that pool to abiotic factors (Guretzky et al. 2007 ). The same pattern was found when comparing cattle-grazed and sheep-grazed perennial subalpine grasslands in the Pyrenees (Sebastià et al. 2008 ) with an entirely different vegetation (Sebastià 2004) . Our results suggest that in spite of the short-living nature of the system, there could be some long-lasting effects linked to the management of the sward (Pärtel 2002 ).
Management effects on plant species diversity
Plant species richness increased with time after sowing, but this effect was dependent on management (Table 4) . The temporal differences were best shown in cattle-grazed and particularly in only mown plots (Fig. 2) . In swards 6 years old, plots only mown had the highest mean number of plant species (estimated mean 34±3.4 standard error (SE), species per plot), followed by cattle-grazed swards (28±3.3 SE), and significantly higher (p<0.0367) than sheep-grazed swards (24±1.8 SE). This confirms the positive effect of mowing on promoting species richness in meadows (Hansson and Fogelfors 2000; Fischer and Wipf 2002) . However, old plots only mown had the highest within-treatment vegetation similarity (Table 3) . Thus, the only mowing management enhances plant species diversity at the plot level; cattle grazing does so at the regional level. The combination of managements within the region enhances further overall plant diversity because of the differences in vegetation composition found among those. Young swards are 1-2 years old; old swards are 3-6 years old. There were few young swards only mown, and therefore, confidence interval within this treatment was not calculated. The confidence intervals provide a rough estimate about differences between treatment means by comparing the overlap between treatments and about the variability within and between treatments depending on the values and range of the interval. The highest are the values in the confidence interval (and associated mean); the highest is the similarity between the treatments being compared Table 4 for 1, 3 and 6 years after sowing. Different letters indicate significant differences between managements within a given year according to the mean separation Tukey test. Species richness varied with management and increased with time after sowing, particularly in only mown swards
Another noteworthy result was the increase in plant species richness with increasing sward size (Table 4) even if the sampling area was kept constant (4 m 2 ). This means that in big swards, there were more species per unit area than in small swards, which can have important consequences for species conservation.
Management effects on aboveground biomass
Aboveground biomass variables responded mostly to sward age, with most of the other factors being removed from the final models (Table 5 ). Both total aboveground biomass and sainfoin biomass decreased with years after sowing, independently of management, whilst unsown biomass and proportion increased over time (Table 5 ). The increase of unsown species with time after sowing was also independent of sward management (Table 5 ). There was a negative correlation between sainfoin biomass and biomass of unsown species (r=−0.5313, p=0.0005). Over time, sainfoin decreases because of limited resprouting capacity (Chassagne and Chambon 1993) . In the gaps resulting from sainfoin loss, because of decreased competition, the biodiversity stored in the soil seed bank can express itself and new species introduced with grazers can establish (Zobel et al. 2006; Sebastià et al. 2008) . Thein et al. (2008) ) reported a positive effect of species richness on sainfoin biomass in mixtures based on both increased tillering and biomass per tiller. According to our model (Table 6 ), this effect can be lost depending on grazing. Indeed, we found a positive effect of plant species richness on aboveground biomass in sheep-grazed swards (estimated mean aboveground biomass 3,136 kg ha −1 for species richness=15; 4,171 kg ha −1 for species richness= 30) once the effect of unsown species was discounted for (Table 6 ). But the effect was negative in cattle-grazed swards (4,400 and 1,437 kg ha −1 ) and negligible in only mown swards (2,174 and 2,003 kg ha −1 ). Total aboveground biomass decreased when the proportion of unsown species increased (Fig. 3) , which must be linked to the loss of the productive sainfoin species, but the relationship between them was mediated by other factors, including biodiversity and management (Table 6 ). According to the model, total biomass was also enhanced by increased seeding rate (Table 6 ). Contrary to expectations (Kirwan et al. 2007; Lithourgidis et al. 2007 ), we did not find an enhancement effect of mixing forage species on sward biomass. However, we found a marginal suppressive effect on unsown species (Table 5) , as reported by those authors.
Conclusion
The present study shows strong effects of sward management on local biodiversity and herbage composition in legume-based forage swards. Furthermore, it shows that the combination of different sward managements within a region might promote overall biodiversity. Management effects often interacted with time, which was the main driver of vegetation change. The decrease of sainfoin over time, linked to sainfoin physiology and growth traits, let express the unsown flora by reduced competition. However, our results suggest that in spite of the short-living nature of the system, there could be some long-lasting effects linked to the traditional management of swards and in addition to the suppressive effect of the sown on the unsown plants at the beginning of sward existence.
